The association between inflammatory cytokines and the risk of post-stroke depression (PSD) remains unclear. The aim of the present study was to investigate this association and the effect of PSD on the outcomes of ischemic stroke patients. A total of 355 patients who had experienced ischemic stroke participated in inflammatory cytokine detection by ELISA, in addition to depression, quality of life (QOL) and body performance testing. Cox regression was used to evaluate the associations between PSD risk, inflammatory cytokines and the outcomes of patients. Measurement data was evaluated using Student's t test, and counted data was measured by χ 2 test. The incidence of PSD during the 2-year follow-up was 23.1%. The risk of PSD elevated with increased interleukin (IL)-6 expression levels [hazard ratio (HR)=3.18; 95% confidence interval (CI), 1.37-7.36] following the adjustment of confounders. However, no significant associations were identified between PSD and other inflammatory cytokines. QOL and body performance in the depressed group were significantly worse compared with those in the non-depressed group. The risk of stroke recurrence in patients with depression increased two-fold compared with patients without depression (HR=2.020; 95% CI, 1.123-3.635; P trend =0.019). No significant associations between PSD and the risk of mortality (HR=1.497; 95% CI, 0.547-4.098) were observed. In conclusion, depression is prevalent in patients following ischemic stroke. IL-6 is positively associated with the risk of PSD, and may predict its development in patients following ischemic stroke. PSD correlates with outcomes of patients, and the effective management of PSD may improve the prognosis of patients.
Introduction
In developed countries, stroke is the second leading cause of mortality and disease burden (1) . Depression is one of the most frequent affective disorders that develops following a stroke (2) . An estimation of the frequency of depression in patients with stroke is up to 33% (3) . The association between stroke and depression has been well established and is suggested to be bidirectional (4) ; stroke can increase the risk of depression (5) and, in turn, depression independently increases the risk of developing stroke (6) . The presence of depression in patients experiencing stroke has been associated with poor outcome and higher mortality (7) (8) (9) . This suggests that the recognition and diagnosis of depression in patients experiencing stroke is important and necessary.
Upregulation of inflammatory cytokines has been suggested to be an important mechanism underlying clinical depression (10) . The presence of depression is reported to be associated with an increase in expression levels of a number of inflammatory cytokines in serum, such as interleukin (IL)-1β, IL-2, IL-6 and C-reactive protein (CRP) (11) (12) (13) (14) (15) (16) (17) (18) . However, a number of studies have not found a significant association between these factors, and other studies have only observed the phenomenon in a defined population (19) . Acute ischemic stroke is known to induce an inflammatory response in the majority of patients (20) . Early elevations in numerous proinflammatory cytokines can be detected in the cerebrospinal fluid and plasma of patients, independent of other medical comorbidities, including infections, malignancy and autoimmune disease (21) . This evidence suggests that inflammatory cytokines may also serve an important role in the development of post-stroke depression (PSD).
To date, the association between inflammatory cytokines and PSD remains controversial. It has been observed that fatigue following stroke is significantly associated with high serum CRP expression levels (22) . In addition, it has been reported that IL-6 and tumor necrosis factor-α (TNF-α) are increased in patients with PSD, compared with patients who had experienced ischemic stroke but did not develop depression (23) . These results imply that depressive symptoms induce the expression of inflammatory factors. However, in one study, the association between PSD and serum levels of molecular markers of inflammation [IL-1β, IL-6, intracellular adhesion molecule 1, TNF-α, leptin, high-sensitivity CRP (hs-CRP) and neurotrophic factors, such as brain-derived neurotrophic factor] were investigated, and only leptin was identified to be significantly associated with the risk of PSD (24) . Furthermore, high concentrations of serum CRP are reported to be associated with lower post-stroke global cognition (21) . In addition, a significant association between serum IL-18 and PSD has been identified, but not between PSD, IL-6 and TNF-α (25) . These results suggest that the expression of cytokines resulting from stroke may be the cause of PSD.
Considering the potential association between inflammatory cytokines and PSD, and methodological problems such as case-control design and restricted numbers of stroke events in the small number of previously reported studies (20) (21) (22) (23) (24) , in this prospective study the aim was to investigate the association between inflammatory cytokines (CRP, IL-1β, IL-2, IL-6 and TNF-α) and the risk of PSD. In addition, the effect of PSD on the outcomes of patients is investigated.
Materials and methods
Patients. The participants of the present study consisted of 355 patients (205 males and 150 females), with a diagnosis of ischemic stroke, treated at Wuxi People's Hospital of Nanjing Medical University (Wuxi, China) between February 2009 and March 2011, who were followed-up to March 2013. The mean [standard deviation, (SD)] age for males was 53.2 (10.9) years and 51.8 (13.3) years for females. Patients were enrolled by the researcher at the start of ischemic stroke treatment; the radiological diagnosis of ischemic stroke was performed by computed tomography (CT) or magnetic resonance imaging (MRI), and the sizes of infarctions were measured (cut-off, 2.0 cm). There were 168 patients with ischemic stroke located in the right hemisphere and 187 patients with ischemic stroke located in the left hemisphere. Eligibility criteria included a primary diagnosis of ischemic stroke, capability of completing questionnaires and participation in the program. Patients were excluded if they had previously experienced an ischemic stroke and/or had a history of depression and/or were being treated for depression. Prior to discharge from the hospital, the patients and/or their relatives were trained to fulfill questionnaires.
The study was approved by the Ethics Committee of Nanjing Medical University and was supported by patients and/or their relatives.
Assessment of ischemic stroke severity. Patients underwent
the National Institutes of Health Stroke Scale (NIHSS) test to assess the severity of ischemic stroke at admission (26) . The scores of the NIHSS test were attained. The severity of stroke was graded as mild (NIHSS, ≤8), moderate (NIHSS, [9] [10] [11] [12] [13] [14] [15] , or severe (NIHSS, ≥16). If the patients with aphasia or severe stroke could not fulfill questionnaires, they were excluded from the study prior to enrollment.
Assessment of depression. Mental status was assessed using the Beck Depression Inventory-Second Edition (BDI-II) (27) , which is a widely used self-administered scale consisting of 21 items to evaluate the severity of depressive symptoms. As recommended in the clinical manual, final scores of ≥14 were considered indicative of clinically significant elevations in depressive symptoms. If depression was indicated, psychosocial intervention was recommended. If depression was serious, general medical advice was provided. The test was performed by doctors at admission. If the patients had symptoms of depression, they were excluded from the study. During follow-up, if the mental status of patients had changed, the tests were performed by themselves or their relatives.
Assessment of quality of life (QOL) and body performance.
The Persian version of the WHOQOL-BREF questionnaire contains 26 items (28) . The first two items on the questionnaire are of general health and health-related quality of life. The other 24 items combine four domains: i) Physical capacity; ii) psychological well-being; iii) social association; and iv) environment. In the current study, the total scores of QOL were obtained by combining the scores.
The Karnofsky Performance Status scale (KPS) is one of the instruments used to measure the body performance of patients (29) . This scale indicates a person's ability to work, perform physical activity, and care for themselves. One trained physician assigned scores from 0 (did not survive) to 100 (healthy) at 10-unit intervals for each level.
These two scales were performed by doctors at admission and by patients or their relatives at follow-up at 12 months.
Measurement of serum expression levels of CRP, IL-1β, IL-2,
IL-6 and TNF-α. Fasting serum samples were collected at the study baseline. The fasting time of all patients was >8 h and samples were collected on the morning of the second day after admission. No patients were undergoing treatment at the time of blood sampling. The blood samples were kept on ice prior to centrifugation at 206 x g for 10 min at 4˚C. Then, plasma was stored at -70˚C until analysis. Laboratory personnel were blinded to the case, control and quality control sample status at the time of analysis. Serum expression levels of CRP, IL-1β, IL-2, IL-6 and TNF-α were measured using ELISA kits. The ELISA kits for IL-1β, IL-2, IL-6 and TNF-α were purchased from BD Biosciences (San Diego, CA, USA). The ELISA kits for CRP were purchased from Thermo Fisher Scientific, Inc. (Waltham, MA, USA). The sensitivities of the tests were 0.5, 2, 3, 1.5 and 3 pg/ml for TNF-α, CRP, IL-1β, IL-2, IL-6 and TNF-α, respectively. The intra-and inter-assay coefficients of variations were all <6%. Serum concentrations were categorized as quartiles based on the distributions among controls. The lowest quartile was used as the reference category. Hazard ratio (HR) and 95% confidence intervals (CIs) were calculated to estimate the relative risk using Cox regression proportional hazards models. In the multivariate analyses, age, gender, education, smoking, alcohol assumption, marriage, hemisphere, stroke severity, infarct size and infarct sites were included as covariates. Linear trend of association was evaluated by including categorical trend variables in the regression model. Statistical analysis. Group differences and continuous variables were tested using Student's t-test and χ 2 test. Cox regression model was used to estimate the association between serum concentrations of CRP, IL-1β, IL-2, IL-6 and TNF-α, the risk of depression, and the association between PSD and risk of outcomes in ischemic stroke patients. All statistical analyses were performed using SPSS version 16.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Baseline patient characteristics. A total of 417 patients participated in blood sample collection for inflammatory cytokine testing. During follow-up, the BDI-II, QOL and KPS tests were performed on the patients. At the end of follow-up, 355 (85.1%) patients were identified as eligible. Reasons for non-participation are presented in Fig. 1 . A total of 82 patients were identified as depressed, and 273 patients were identified as non-depressed by the BDI-II test after discharge. The incidence of depression in patients following ischemic stroke was 23.1%. At baseline, the depressed and non-depressed groups were compared with regards to demographic variables and clinical characteristics (Table I) . Baseline demographic values between groups were not statistically different, with the exception of age; patients <50 years of age in the depressed group were significantly higher compared with the non-depressed group (P=0.003; Table I ). Table II show the associations between the risk of PSD in patients following ischemic stroke and circulating concentrations of inflammatory cytokines (CRP, IL-1β, IL-2, IL-6 and TNF-α). In quartile analysis, the association between depression status and inflammatory cytokines expression levels were analyzed and stratified by quartile cut-points. There were clear associations between IL-6 and PSD in patients following ischemic stroke, comparing the highest with the lowest quartile (HR=3.23; 95% CI, 1. 45-7.20) . Although the strength of the association between serum IL-6 expression levels and the risk of PSD was slightly attenuated after adjusting for age, gender, education, internet use, smoking, alcohol assumption, marriage, hemisphere and infarct locations, a significant association was observed between serum IL-6 expression levels and the outcome comparing the highest with the lowest quartiles (HR=3.18; 95% CI 1.37-7.36; P=0.011). However, no significant association was identified between the risk of PSD and other cytokines, such as CRP, IL-1β, IL-2 and TNF-α. Although the risk estimates increased with every next quartile in quartile analysis for CRP, IL-1β, IL-2 and TNF-α, linear trends for the association of the expression levels of these cytokines with the risk of PSD were not significant (Table II) .
PSD and serum inflammatory cytokines concentrations. The result in

Effects of PSD on body performance and quality of life in patients.
At the time of admission, the mean KPS in the depressed and non-depressed groups were 54.512 (SD, 13.440) and 55.348 (SD, 15.880), respectively, and there was no significant difference in KPS in the depressed group compared with the non-depressed group (P= 0.666). During the 2 year follow-up, the KPS of patients in both groups significantly increased (P<0.001 for the depressed group; P<0.001 for the non-depressed group). The mean KPS in the depressed and non-depressed groups increased to 64.756 (SD, 13.719) and 70.183 (SD, 18.893), respectively. It was observed that the KPS of patients in the depressed group was significantly lower than those in the non-depressed group (P=0.016; Fig. 2A ).
The differences of QOL between the depressed and non-depressed group were analyzed. It was observed that there were no significant differences in the scores of QOL between the depressed and non-depressed groups at admission (P=0.738). At the 12-month follow-up, the QOL scores of patients in both groups significantly decreased (P<0.001 for the depressed group; P<0.001 for the non-depressed group); however, the QOL of patients in the depressed group was significantly lower compared with the non-depressed group (P<0.001; Fig. 2B ).
PSD and outcomes of patients. In total, 23 patients did not survive the 2-year follow-up, of which 6 were depressed and 17 were not depressed; the mortality of patients in the depressed group patients was slightly higher compared with the non-depressed group (7.3% for depressed cases; 6.2% for non-depressed cases). In Cox regression analysis, the risk of mortality in the depressed group increased by 49.7% compared with the non-depressed group after adjusting confounders; however, this difference was not significantly different (HR=1.497; 95% CI, 0.547-4.098; P trend =0.432). In the analysis of stroke recurrence, it was observed that the incidence of stroke recurrence in the depressed group was higher compared with the non-depressed group (30.5% for depressed cases; 17.6% for non-depressed cases), and the risk of stroke recurrence in the depressed group increased two-fold compared with the non-depressed group after adjusting confounders (HR=2.020; 95% CI, 1.123-3.635; P trend =0.019; Table III ).
Discussion
In the present study, the association between the expression levels of cytokines at admission, both acute inflammatory and proinflammatory, and the incidence of PSD during the 2 year follow-up in patients following ischemic stroke, was investigated. The results indicate that an increased serum IL-6 expression level is associated with the risk of PSD in patients who have experienced ischemic stroke. However, there were no significant associations between circulating expression levels of CRP, IL-1β, IL-2 and TNF-α, and PSD. In addition, the effect of PSD on the outcome of patients was investigated, and it was observed that the risk of stroke recurrence in patients with PSD following ischemic stroke was higher compared with those without PSD.
The overall occurrence of PSD in the present study was ~23%, which is similar to, or lower than, the prevalence of depression reported in patients following ischemic stroke by other researchers (30) . The incidence of depression in post-stroke has been reported with a large range (5-41%), depending on the study and the methodology used (31, 32) . In the current study, no association was found between the presence of depression and gender, education, smoking, alcohol assumption, marriage, hemisphere and infarct location. However, it was observed that patients <50 years of age occupy a larger proportion of patients with depression. In the authors' clinical work, it was identified that younger patients appear to be more concerned about the prognosis of the disease (33, 34) . The factors that have an important role in the psychological state of younger patients requires further study.
Inflammatory cytokines have been shown to access the brain and interact with pathophysiological functions known to be involved in depression, including neurotransmitter metabolism, neuroendocrine function and neural plasticity (35) . Monoamines are understood to be important mood-relevant neurotransmitters (36) . It has been suggested that IL-1, TNF-α, IL-6 and IFN-α may exert important roles in monoamine synthesis and reuptake, thus contributing to reduce (37) (38) (39) (40) . Furthermore, dysregulation of the hypothalamic-pituitary-adrenal axis is involved in depressive disorder (41) . The secretion of corticotrophin-releasing hormone, adrenocorticotropic hormone and cortisol are stimulated by proinflammatory cytokines, such as IL-1, TNF-α, IL-6
and IFN-α (42) (43) (44) (45) (46) (47) (48) . Cytokines are important for providing trophic support to neurons and enhancing neurogenesis, which contributes towards normal cognitive functions, such as memory (49,50). Evidence has demonstrated that increased concentrations of TNF-α and IL-1 in the hippocampus are 
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associated with a decreased expression of brain-derived neurotrophic factor and its receptor, and reduced hippocampal neurogenesis (51) . This evidence suggests that inflammatory cytokines may serve an important role in the occurrence and development of depression. However, in the present study, only increased serum IL-6 expression levels were significantly associated with the risk of PSD in patients following ischemic stroke. In the current study, blood collection was performed at the first fasting time after admission. It is understood that IL-6 is released by activated microglia within the central nervous system in stroke (52) , and this release is mirrored by increased peripheral IL-6 concentrations (53) , which trigger the subsequent release of CRP from the liver (54) . Thus, the expression of inflammatory cytokines may fluctuate with time in the plasma. Further research is required to confirm this. Stroke frequently results in a large number of changes in a stroke survivor's life, including loss of health, occupation, social role and independence (32) . Depression is a common occurrence following stroke (55) . In addition to the emotional well-being of the stroke survivor, the recognition and treatment of depression is important, as depression is associated with increased disability, increased cognitive impairment, and increased suicidality, mortality and poor rehabilitation outcomes (32) . In the present study, it was observed that the KPS of patients with depression was significantly reduced compared with patients without depression, and the risk of stroke recurrence in patients with depression was higher compared with those without depression. It has previously been demonstrated that depression can impede recovery and has been linked with poorer treatment outcomes and increased durations in hospital (56) . In communication with patients' families, it has been identified that the treatment compliance of patients with depression is worse compared with patients without depression, and such patients are resistant to rehabilitation training (57) . This may be a cause of lower KPS and QOL scores, and high incidence of stroke recurrence, in patients with PSD. However, no significant risk of mortality was observed in the patients with PSD. This may be a result of the short follow-up period, and therefore the authors will continue to investigate on the effect of depression on the outcomes of patients.
There are a number of potential limitations to the current study. Firstly, although patients were not in an infectious state at the time of assessment, factors that may confound the measurement of cytokines were not considered, including stress, environment, obesity, diabetes, circadian rhythm or comedications. Secondly, the majority of patients visited Wuxi People's Hospital of Nanjing Medical University in the first instance; however, a number of patients obtained medical therapies prior to their visit to the hospital. Of those patients, it was unknown whether they were administered steroid therapies. This may conduct bias in the result of inflammatory cytokines. Thirdly, the blood sample collections were performed on admission. During the follow-up period, the changes in cytokine expression levels were not recorded in patients. This may also contribute to bias in the results. Fourthly, the mental status of patients may be affected by other factors, such as social, family or financial factors. In the present study, these were not taken into consideration. Despite this, the study may remain useful as it has a prospective design with a large number of participants, and is one of the few studies to date with sufficient valid information to investigate the association between cytokines and the risk of PSD, and the effect of PSD on the outcomes in patients following ischemic stroke. In the analysis, the data from follow-up was relatively complete due to high-quality records for endpoint determination and the small loss to follow-up of patients. In addition, information on several confounders was available for adjustment.
In conclusion, the results of the present study demonstrate a significant association between increased serum IL-6 expression levels with the risk of PSD following ischemic stroke. In addition, the results suggest that the outcomes of patients with depression following ischemic stroke are worse compared with patients without depression. Therefore, the results suggest a possible predictable effect of high expression levels of circulating IL-6 for PSD in patients following ischemic stroke. Further studies are required in order to elucidate the exact pathophysiological and biochemical mechanisms underlying depression associated with IL-6.
